Abstract-Investigations have been carried out on the convex lens effect of non-ionizing radiation inside the abdomen of a pregnant woman. Focusing property for a plano-convex lens, which is thicker than twice of its focal length and filled with water, is studied for electric and magnetic fields at different microwave frequencies. It is observed that real image of electromagnetic fields are formed inside the lens itself at the focal plane when a microwave source is placed at a distance much greater than the twice the focal length. A three dimensional homogeneous electrical model of pregnant woman abdomen model behaves like plano-convex lens and creates real image of the microwave source inside the abdomen.
INTRODUCTION
Interaction of radiofrequency (RF) in the human body has been reported in several research articles [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . In this paper, plano-convex lens like behaviour is investigated for a pregnant woman abdomen for non ionizing microwave radiation.
There have been increasing interests in the applications of numerical techniques to obtain the intensity of electric (E) and magnetic (H) fields in the human body models [11, 12] . Numerical electromagnetic (EM) methods play significant roles to calculate various Radio Frequency (RF) characteristics inside living objects including tissues or cells. Among all numerical methods, Finite Difference in Time Domain (FDTD) and Finite Integral Technique (FIT) are used in several research investigations during EM simulation of living tissues [13] . In the present work, FIT based commercially available software CST Microwave Studio has been used to carry out the investigation to observe the lens effect of microwaves inside the abdomen of a pregnant woman at 925 MHz, 1.795 GHz and 2.1 GHz [14].
DIELECTRIC LENS

Microwave Thick Plano-Convex Lens
EM waves with microwave frequencies can be refracted, transmitted and reflected when it pass through a dielectric material object [15, 16] . Diffraction may occur from edges and corners of dielectric objects where the size of the object is similar to the wavelength. Thus, EM waves at microwave frequencies show many similarities like visible light [17] .
Microwave lens is a dielectric structure which is transparent for microwave and capable of focusing or defocusing the EM energy of the microwave just like an optical lens focuses or defocuses visible light. Homogeneous dielectric materials of refractive index different from the free space have been used for a long time in microwave lens applications [18] .
A thick convex lens is shown in Fig. 1(a) , where, S 1 , S 2 are front and back vertices, and C 1 , C 2 are front and back centre points, respectively. Focal length f of the lens is given by [19, 20] :
where, n is the refractive index of the lens medium, t c thickness of the lens, and R 1 and R 2 are the radii of curvature of the lens. Placing a microwave source in front of such convex microwave lens at a distance more than focal length, an inverted real image of the source fields can be obtained [18, 21, 22] . Considering the quasi-optical microwave properties, image position may be obtained using the following rules [23] .
Rule 1: Image is expected at f when object is located at infinity distance from lens, Rule 2: Image is expected within f and 2f when object is located at more than 2f distance from lens and Rule 3: Image is expected at 2f when object is located at 2f distance from lens.
If one of the surfaces of the convex lens is made flat, then it is transformed into a plano-convex lens. A thick plano-convex lens is shown in Fig. 1(b) , where the f can be written as [20] :
where, n is the refractive index of the lens medium and R the radius of curvature of the plano-convex lens. Placing a microwave source in front of such plano-convex microwave lens at a distance more than focal length, an inverted image of the source can be obtained inside the lens when its thickness is more than the focal length.
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Focal Plane Figure 1 . Geometry of thick (a) convex lens and (b) plano-convex lens.
STUDY ON THICK DIELECTRIC PLANO-CONVEX LENS
For simulation, a thick plano-convex lens filled with water along with a half-wave dipole antenna has been developed in CST Microwave Studio as shown in the Fig. 2 . The radius of curvature (R) of the plano-convex lens is 5.0 cm. A half-wave dipole antenna resonating at 2.0 GHz which acts as imaging object is placed at a distance (d) of 15.0 cm from the lens.
Value of the wavelength dependence refractive index (n) of water can be obtained from the relation: n = √ ε r , where, ε r is relative dielectric constant of water [24] . From available literature the value of n is found to be 8.8043 + i0.4337 at 2.0 GHz [25] . Thus, using Equation (2) focal length of this plano-convex lens is found to be 0.64 cm. The model is then simulated considering 465405 mesh cells. It is found that the E and H fields are focused at a distance of 0.64 cm, which is equal to the focal length of the lens itself. It is also observed that the image of source E and H fields is obtained inside the lens.
Distribution of E and H fields at the focal plane of the plano-convex dielectric lens as obtained from simulation is shown in Figs. 3(a) and (b), respectively. In Fig. 3(a) , two high concentric spots consisting of different phases are observed at the focal plane. The phase difference between these two E fields is exactly 180 • , as the phase difference of two poles of the source dipole. These two points represent the electrical field image of the source of the dipole antenna. For a dipole antenna, the maximum E field exists near the two ends of the dipole. Similarly, from Fig. 3(b) , it can be observed that a single high concentric spot is formed at the focal plane. This point represents the high magnetic field formed at the source dipole antenna. For a resonating dipole antenna, the maximum H field exists at the centre of the dipole. In the focal plane, maximum E and H field intensity are 773 V/m and 26.5 A/m, respectively. Distributions of E and H fields at 0.5 cm inner plane from the focal plane of the plano-convex dielectric lens are shown in Figs. 4(a)-(b) . From Fig. 4(a) , it can be observed that field distribution are almost similar like earlier case, but maximum values of E and H field intensity at this plane are lower than that obtained at the focal plane due to the defocused fields. In this plane, maximum E and H field intensity are 667 V/m and 18.6 A/m, respectively.
Variation of absolute magnetic field |H| with distance (D) measured from antenna end for d = 15.0 cm using different half-wave dipole antennas resonating at 925 MHz, 1795 MHz and 2.1 GHz respectively, is shown in Fig. 5 . It is found that maximum magnetic field intensity inside the lens is obtained at the focal plane. Peak value of |H| field intensity increases with the increase of frequency which is possibly due to the macroscopic diffraction from the dielectric edges. Diffraction effects are more intensive for dielectric size of similar to wavelength and line of site propagation is more intensive for larger dielectric size with compared to wavelength [26, 27] . 
STUDY ON LENS EFFECTS INSIDE A PREGNANT WOMAN ABDOMEN
The pregnant woman model has been constructed considering a 25 year old female with 65 kg weight and 5 4 height [28] . To simplify the numerical model, other parts of the pregnant woman body except the full abdomen are excluded in the simulation. For further simplification, the pregnant body model is assumed to be comprised of only water. The abdomen of the pregnant woman model is comparable with a plano-convex lens with R = 17.6 cm and f of 2.3 cm. Geometry of the pregnant abdomen along with a half-wave dipole antenna resonating at 925 MHz used in the simulation is shown in Fig. 6 . Input power is of 20.0 W is considered for the simulation. The simulation performed consisting of 712356 mesh cells.
Variation of peak |H| with depth, i.e., distance measured from the navel inside the pregnant woman model for a set of object distance (d) 10.0 cm, 20.0 cm, 30.0 cm, 40.0 cm and 50.0 cm at 925 MHz is shown in Fig. 7 . It is found that a peak corresponding to the maximum value of |H| is obtained at the plane where the fields are focused. For d more than or equal to 20.0 cm, H field is focused almost at the focal plane inside the pregnant woman abdomen and an image of magnetic field corresponds to the magnetic field at the centre of dipole is formed.
For d = 10.0 cm, image is obtained at the plane inside the pregnant woman model which is at the distance slightly more than the focal length. Unlike other curves, this curve shows large magnetic field at skin which is possibility due to increase of diffraction due to increase of angle of incident at various part of the convex area of abdomen.
Peak All the distances are measured from the navel of the pregnant woman abdomen. Therefore, it is seen that the pregnant woman model behaves like a plano-convex lens and follows classic principle of convex lens and for d more than or equal to 20 cm, quasi optical behaviour of microwave is prominent. Maximum values of |H| along the straight line passing through the mid-point of the dipole and navel point for different dipole antenna distances at 925 MHz are shown in the Table 1 . It is found that for different antenna distances with woman abdomen model, peak value of |H| is higher than that for the model without abdomen due to the focusing of fields from dielectric lens.
Variation of H with depth for d = 20.0 cm using different half-wave dipole antennas resonating at 925 MHz, 1795 MHz and 2.1 GHz respectively, is shown in Fig. 8 . From the Fig. 8 , it is found that peak |H| is obtained at the focal plane inside the pregnant woman model and value of peak |H| increases with the increase of frequency.
Field distributions using contour plots corresponding to H field obtained at the focal plane inside the pregnant woman abdomen for antenna distance of 20.0 cm at 925 MHz are shown in Figs. 9(a), (b) . From Fig. 9(a) , it can be observed that like the dielectric plano-convex lens, a single high concentric spot is formed at the focal plane because of the maximum H field exists close to the centre of the resonating dipole antenna. From contour line plots, it is found that the contour corresponding to the higher value of |H| filed concentrates towards the focus.
A compact dual-band Planar Inverted Folded Antenna (PIFA) encapsulated mobile handset working at GSM bands with input power of 600 mW is placed 20.0 cm away form this pregnant woman abdomen model as shown in Fig. 10(c) [29, 30] to observe the electrical fields and specific absorption rate. The mobile handset configuration and its S-parameter (S 11 ) are shown in Figs. 10(a), (b) . The PIFA of Although, the SAR value obtained is much lower than the IEEE/ICNIRP safety limits for non ionizing radiation [31] , it may become critical for non-ionizing radiation from sources with higher radiation intensities.
CONCLUSION
In this paper, investigations have been carried out on the quasi optical behaviour of 925 MHz, 1.795 GHz and 2.1 GHz microwave and lens effects for a pregnant woman abdomen. Before carrying out the desired investigation, theory of microwave lens has been analysed developing water filled plano-convex dielectric lens having thickness more than double of its focal length. It is observed that real image of EM fields are formed inside the lens itself at the focal plane when a microwave source is placed at a distance much greater than twice of the focal length. The E and H field strengths are investigated inside a three-dimensional electrical model of a pregnant woman abdomen for half-wave dipole antenna and compact dual-band PIFA encapsulated mobile handset working at GSM bands. Results obtained from the simulation show that the pregnant woman abdomen behaves as a plano-convex lens. It creates image of the microwave source and concentrates E and H fields at the focal plane. Image distance varies with the variation of the object distance, and it is found that when the object distance is much greater than the focal length, image is formed at focus of the lens. Peak value of |E|, |H| and 1-g SAR induced inside the pregnant woman abdomen near the focal plane for a mobile handset placed 20.0 cm away from the abdomen are found much below the IEEE/ICNIRP safety limits. However, sources placed at a distance more than twice of the focal length with similar frequency and high power may create high intensity field images at the focal plane. Similar effect is also expected at other body parts, such as abdomen of any other fatty person, breast, buttock, etc. Instead of single point, a linear path with concentrated fields is expected for the body parts with cylindrical structure. Particularly, for curved body parts, more EM fields may be concentrated near the focal region for microwave due to its quasi optical nature. In the whole study, isotropic dielectric with dielectric constant equal to water is considered. However, due to anisotropic nature behaviour, in actual case, the focussed fields may become blurred for regions with significant variation in dielectric constant.
